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Abstract 

Two-particle azimuthal correlations reveal broadened and softened away-side corre- 
lations. Several different physics mechanisms are possible: large angle gluon radia- 
tion, deflected jets, and conical flow or Cerenkov radiation. Three-particle correla- 
tions are investigated to try to discriminate these mechanisms. We present results 
on 3-particle azimuthal correlations between a trigger particle of 3 < < 4 GeV/c 
and two softer particles of 1 < p-r < 2 GeV/c for pp, d+Au and Au+Au collisions 
at y/sNN = 200 GeV. Implications of the results are discussed. 
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1 INTRODUCTION 



Jets and jet-correlations are good probes to study the medium created in 
relativistic heavy-ion collisions because their properties in vacuum can be cal- 
culated by perturbative quantum chromodynamics. Two-particle azimuthal 
correlations with a high-pr trigger particle have shown broadened or even 
double-humped structures on the away side in central Au+Au collisions [1] (see 
Fig. la). The shape on the away side is consistent with several physics mech- 
anisms: large angle gluon radiation [2], jets deflected by radial flow or prefer- 
ential selections of particles due to path-length dependent energy loss, hydro- 
dynamic conical flow generated by Mach-cone shock waves [3], or Cerenkov 
gluon radiation [4]. We present a 3-particle correlation analysis designed to 
differentiate mechanisms with conical emission from the others. 
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2 ANALYSIS 



The 3-particle jet-correlation analysis method is described in detail in [5]. 
The results reported here are between a trigger charged particle with 3 < 
Pt < 4: GeV/c and two associated charged particles of 1 < < 2 GeV/c 
measured by the STAR TPC Figure lb displays the raw 3-particle azimuthal 
correlation. Backgrounds must be subtracted to extract the genuine 3-particle 
jet-correlation signal. In one background, called hard-soft background, one 
associated particle is jet-like correlated with the trigger and the other is not. 
It is constructed from the 2-particle jet-like correlation, J2, folded with the 2- 
particle background, B^''. The 2-particle background is constructed by mixed 
events with the flow modulation added in pairwise from the average V2 of the 
measured reaction plane [6] and 4-particle results [7] and ^4 = 1.15f| from 
a fit to data [6]. It is normalized (with scale factor a) to the signal within 
0.8 < < 1.2 (zero yield at 1 radian or ZYAl). We shall refer to the 

hard-soft background as J2 ® aB^^. 




Fig. 1. (color online) (a) Raw 2-particle correlation (points), background from mixed 
events with flow modulation added-in (solid) and scaled by ZYAl (dashed), and 
background subtracted 2-particle correlation (insert), (b) Raw 3-particle correla- 
tion, (c) soft-soft background, ba^B^'^ and (d) hard-soft background + trigger flow, 
J2 (g) aB^^ + ba^B'^''-^^. See text for detail. Plots are from ZDC-triggered 0-12% 
Au-t-Au collisions. 



In another background, both associated particles are uncorrelated with the 
trigger (soft-soft background). It is obtained by mixing the trigger with inclu- 
sive events (minimum bias events from the same centrality), Bl^^ . This con- 
tains all of the correlations between the two associated particles, since they 
are from the same inclusive event, that are independent of the trigger, includ- 
ing minijets and flow. Correlations due to anisotropic flow between the trigger 
and the associated particles, B^^''^^ , are added in triplet-wise by mixing the 
trigger with two different inclusive events. The total background is J2 (S> aB^'^ 
+ ha^[Bl^^ + B^^''^^) where h takes into account the possible differences in the 
number of pairs in the inclusive event and the underlying event. The normal- 
ization factor h is obtained such that the projection of the 3-particle correlation 
to either A0 axis is ZYAl, in the same manner as the 2-particle correlations. 
Figure Ic shows ba^B^^ and Figure Id shows J2 ® ai?™* -|- ha^B^^''^^ . 



2 



The major sources of systematic uncertainties are the elhptic flow measure- 
ments and background normahzation. Other sources include the effect on the 
trigger particle flow from requiring a correlated particle, uncertainty in the ^4 
parameterization, and multiphcity bias effects on the soft-soft background. 



3 RESULTS 



The background subtracted 3-particle correlation results are shown in Fig- 
ure 2. The pp, d+Au and peripheral 50-80% Au+Au results are similar. Peaks 
are clearly visible for the near-side, the away-side and the two cases of one 
particle on the near-side and the other on the away-side. The peak at (7r,7r) 
displays a diagonal elongation, consistent with fc^ broadening. The additional 
broadening in Au-|-Au may be due to deflected jets. The more central Au+Au 
collisions display off-diagonal structure, at about tt ± 1.3 radian, that is con- 
sistent with conical emission. The structure increases in magnitude with cen- 
trality and is quite clear in the high statistics top 12% central data afforded 
by the on-line ZDC trigger. 
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Fig. 2. (color online) Background subtracted 3-particle correlations for (top left), 
d+Au (top middle), and Au+Au 50-80% (top right), 30-50% (bottom left), 10-30% 
(bottom center), and ZDC triggered 0-12% (bottom right). 



Figure 3a shows the centrality dependence of the average signal strengths in 
different regions. The off-diagonal signals (circle) increase with centrality and 
signiflcantly deviate from zero in central Au+Au collisions. Figure 3b shows 
the differences between on-diagonal signals, where both conical emission and 
deflected jets may contribute, and off-diagonal signals, where only conical 
emission contributes. Since conical emission signals are of equal magnitude 
on-diagonal as off-diagonal, the difference may indicate the contribution from 
deflected jets. The difference decreases with distance from (7r,7r). 
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Fig. 3. (color online) (a) Average signals in 0.7 x 0.7 boxes at (0,0) (triangle), 
(7r,7r) (star), (vr ± 1.3,7r it 1.3) (square), and (vr it 1.3,7r =F 1-3) (circle), (b) Differences 
between average signals, between (vr it 1.3,7r it 1.3) and (vr ± 1.3,7r =F 1-3) (square), 
and between (tt it 1.0, tt it 1.0) and (vr it 1.0, tt =p 1.0) (triangle). Solid error bars are 
statistical and shaded are systematic. Npart is the number of participants. The ZDC 
0-12% points (open symbols) are shifted to the left for clarity. 

4 CONCLUSION 



Three-particle azimuthal correlations have been studied for 3 < < 4 GeV/c 
trigger particles and 1 < < 2 GeV/c associated particles. Au+Au, d+Au 
and pp collisions at i/J/viv=200 GeV are compared. The centrality dependence 
of Au+Au collisions is analyzed. Diagonal elongation is seen in pp and d+Au 
possibly due to kx broadening. Further elongation in Au+Au may indicate 
additional contribution from deflected jets. Off-diagonal peaks are observed in 
central Au+Au collisions, consistent with conical flow or Cerenkov radiation. 
Discrimination of the two requires further study of the associated px depen- 
dence. It should be realized, however, that the combinatorial backgrounds 
are large in this measurement, and we are investigating potential systematic 
uncertainties beyond those we have studied. 
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